S pondylolySiS is a unilateral or bilateral defect in the pars interarticularis of the vertebra and is usually due to acute or repetitive microtrauma. The incidence of spondylolysis is estimated to be 6%-7% in the general adult population. 1 The entity is not observed in nonambulatory infants, and the incidence at age 6 years is approximately 5%. Hereditary predisposition and erect ambulation are thought to contribute to the development of the condition.
This type of defect most commonly occurs at L-5, as this is the vertebra subjected to the greatest static and dynamic stress associated with daily activities. 12, 19 As such, symptoms of spondylolysis are usually limited to low-back pain and occasionally radiculopathy, but these symptoms can be the cause of significantly reduced mo-bility and inactivity. Spondylolysis may progress to spondylolisthesis, which may result in substantial spinopelvic sagittal malalignment. 12 As with other spinal pathologies, conservative treatment is the first-line treatment. Conservative treatment options for spondylolysis include reducing physical activity, undergoing physical therapy, and using thoracolumbar and/or sacral orthoses. If conservative treatment fails, surgery is indicated (either fixation and fusion or direct surgical repair). Pedicle screw fixation and fusion has been shown to result in loss of motion at the fused level and to potentially increase loading on adjacent segments. 13, 18 This can lead to symptomatic degeneration and can require additional surgery for these adjacent segments in up to 36% of patients. 5, 13 As such, direct repair is a better choice for treatment of patients with spondylolysis. It provides an internal fixation device that bridges the gap at the fracture site and maintains stability in all movements Spondylolysis outcomes in adolescents after direct screw repair of the pars interarticularis J Neurosurg: Spine / Volume 21 / September 2014 (flexion, extension, lateral bending, and axial rotation). Direct repair also allows for fracture repair without substantially altering the biomechanics of the intact spine.
There are several methods to accomplish direct pars repair: Buck's technique, Scott's technique, modified Scott's technique, and the screw-rod-hook technique. 2, 4, 8 However, data on the usage and outcomes of these different surgical techniques are limited, especially in the adolescent population with spondylolysis. 6 As athletics becomes increasing competitive and important to adolescent patients vying for college scholarships, it behooves the spine surgeon to evaluate spondylolysis fixation techniques. To this extent, we report our experience and outcomes with the use of Buck's procedure for surgical repair of spondylolysis in adolescent patients.
Methods
Data were collected prospectively on 16 consecutive adolescent patients with spondylolysis who underwent surgical treatment with Buck's procedure from 2004 to 2010. Of these 16 patients, 12 underwent surgery at Miami Children's Hospital and 4 underwent surgery at Barrow Neurological Institute. Prior to consideration of surgery, all 16 patients had complained of persistent back pain preventing them from their self-described normal activity. In all cases, patients were encouraged to trial conservative therapy, including at least 8 weeks in a lumbar brace and at least 8 weeks of physical therapy. Indications to progress to surgery included patient complaints of significant back pain preventing the patient from completion of conservative treatments, or patient complaints of back pain significantly impeding daily activity after completion of conservative therapy recommendations. Furthermore, patients were not considered as candidates for direct pars repair if they had disc degeneration or instability seen on lateral flexion-extension plain radiography. These patients were considered candidates for interbody placement and pedicle screw fusion instead of direct pars repair.
The operative technique used was as described by Buck. 2 A midline incision and exposure was performed at the involved levels. The pars defect was exposed and decorticated to bleeding using a 3.2-mm drill bit. Screw entry points were created in the caudal portion of the lamina, 8-10 mm lateral to the bottom of the spinous process. The 3.2-mm drill bit was then used to drill across the defect angling 30° away from the midline toward the pedicle, and 3.5-or 4.5-mm cannulated screws were placed across the pars defect via a K-wire under both direct visualization and lateral fluoroscopy. Either iliac crest autograft (12 patients) or allograft bone (4 patients) was packed around the lytic defect. Each pars defect was augmented with a 1.05-mg dose of recombinant human bone morphogenetic protein-2 (rhBMP-2) in a US Food and Drug Administration off-label use. Postoperatively, all patients were placed in an orthosis for 8-12 weeks. We then completed a retrospective review of the data for demographic, clinical, and radiographic trends. The institutional review boards of St. Joseph's Hospital and Medical Center and Miami Children's Hospital approved this retrospective review.
Results
Sixteen adolescent patients with spondylolysis who were surgically treated using the Buck's procedure constitute the study group. Of these, 14 patients were 20 years of age or younger at the time of treatment. Additional patient demographics are described in Table 1 . All 16 patients (100%) presented with axial low-back pain, and 6 patients (38%) had radiculopathy as well. In 75% of patients (12 of 16) conservative therapies of bracing and physical therapy had been attempted and failed. Eight patients had tried at least 8 weeks of physical therapy alone, and 4 patients had tried physical therapy for at least 8 weeks as well as bracing for at least 8 weeks. Twenty-five percent of patients were in significant pain and could not continue with a conservative treatment plan of bracing or physical therapy for more than 2 weeks and thus progressed to surgery. Most patients had bilateral pars defects, although 3 patients had unilateral pars defects ( Table 2 ).
There were no intraoperative complications. Preoperative, intraoperative, and postoperative images obtained in 1 patient can be seen in Fig. 1 . Two patients developed superficial wound infections and were successfully treated with oral antibiotics; these patients experienced full resolution of the infection. Two patients required revision surgeries: one for pseudarthrosis requiring repeat iliac crest grafting and the other for radiculopathy requiring screw removal. Given that the patient with pseudarthrosis (2 pars defects) required revision surgery and 1 patient had 2 pars defects, of which only 1 was noted to heal on follow-up CT, bony healing was seen in 26 (89.6%) of 29 pars defects after the first surgery. Thus, 2 of 16 patients without bony healing were identified (12.5%) after the first surgery. No implant failures were encountered (Table 3) .
Postoperatively, patients were monitored for clinical and radiological examinations (Table 3) . At the last radiological follow-up, the overall bony healing rate was 96.6% (28 of 29 pars defects in 15 [93.8%] of 16 patients). The average time to last radiological follow-up was 13.19 months (range 12-24 months). At last clinical follow-up, preoperative symptoms had partially or completely resolved in 93.8% of patients. The average time to last clinical follow-up was 14.06 months (range 12-26 months). In addition, all 8 patients who identified as athletes had returned to play.
Discussion
Although conservative therapies are the gold standard in the initial treatment of spondylolysis, if these therapies fail, surgical treatment is indicated. Direct pars repair was first described in 1968 by Kimura, who grafted the defect alone. 11 Buck was the first to describe stabilization of the defect by a direct pars screw in 1970. 2 In 1984, Morscher described pars repair via hook-screw fixation, and in 1986, Nicol and Scott described his tension-band wiring technique. 14, 15 Often direct repair is preferred over pedicle screw fixation and fusion, because it can restore local normal spinal anatomy and maintain physiological spinal mobility at the level of the defect. 4, 13, 18 Despite the use of direct pars screw repair, there has been little evidence or consensus on which specific direct repair technique provides the best outcomes. Deguchi 17 They found that the rate of bony healing was higher in patients who underwent direct pars screw fixation (Buck's procedure) (93.3% vs 78.3%) and concluded that the direct pars screw fixation was superior to the pedicle screw with universal hook system, given that the former group of patients demonstrated decreased operative time, decreased blood loss, and decreased hospital stay as well as superior clinical outcomes. 17 A retrospective cohort study by Karatas et al. compared adolescent patients treated with direct pars repair procedure to patients treated with pedicle screwrod-hook constructs. 9 Using the Macnab criteria, 8 of 9 patients treated with direct pars repair demonstrated "ex- 10 Thirty-six of 50 pars defects demonstrated fusion, and 22 of 25 patients achieved an "excellent" or "good" outcome according to Kirkaldy-Willis criteria. Our results augment these conclusions and show that direct screw repair of the pars interarticularis, or Buck's procedure, can provide good clinical and radiological outcomes in adolescent patients. As adolescent spondylolysis is rare and few cases progress to requiring surgery, this is a difficult patient population to study. It is difficult to determine which procedure is best for these patients and also whether they would benefit from surgery at all. Admittedly, this is a small series of only 16 patients. We do not know in this time period how many patients presented with similar symptoms as well as spondylolysis and experienced symptom resolution with conservative therapy alone. Furthermore, due to the retrospective nature of this study, there are some limitations in evaluating outcomes, and the group may have been subjected to management biases.
Whether the off-label use of rhBMP-2 in these cases was appropriate is debatable, because it may or may not provide an improved fusion construct with or without complications. In addition, its use comes at a significant financial cost. At the time these patients were treated, from 2004 to 2010, it was felt that due to the small area of bone contact from one portion of the pars contacting the other via the lag screw in the direct pars repair, the fusion would be significantly augmented by rhBMP-2. As iliac bone graft was not harvested in every case, the use of rhBMP-2 was also seen as a way to augment fusion without the associated complications of iliac bone grafting. No complications in these patients related to the use of rhBMP-2 have been identified at this point, neither clinically nor radiologically. On follow-up CT and radiography, no foraminal overgrowth was appreciated. However, as more recent literature has questioned whether fusion actually is improved with rhBMP-2, especially in young patients, some surgeons would prefer not to use it at this time.
It must be noted that patients with disc or facet disruption are likely not good candidates for this procedure. 3, 16 These patients may be better served by pedicle screw fixation and fusion with interbody graft. However, spine surgeons should be aware that direct pars repair by Buck's technique can provide good outcomes in the adolescent patient population with isthmic spondylolysis alone and significant back pain, and the procedure should be considered a good option after failure of conservative techniques.
Conclusions
It has been postulated previously that because Buck's technique may prevent abnormal motion of the fractured pars without compromising the normal motion of the spine at that level, patients may have improved clinical outcomes over other fixation procedures. This paper describes 16 adolescent patients with spondylolysis who had good outcomes after Buck's technique for direct pars repair. Although surgery should never be the first-line treatment for adolescent spondylolysis, Buck's technique of direct pars repair should be considered in adolescent athletes with persistent significant symptoms after a trial of conservative therapy, as it may improve their quality of life and decrease their time to return to play.
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